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SYNOPSIS 

An apparatus has been developed that automatically sets the distance from the sample to the detector 
according to the radioactivity of the sample. The distance-setting unit works in conjunction with an 
automatic sample changer, and is interconnected with other components so that the counting head 
automatically moves to the optimum distance for the analysis of a particular sample. 

The distance, which is indicated digitally in increments of 0,01 mm, can be set between 18 and 995 mm 
at count rates that can be preset between 1000 and 10 000 counts per second. 

On being tested, the instrument performed well within the desired range and accuracy. Under routine 
conditions, the spectra were much more accurate than before, especially when samples of different 
radioactivity were counted. 

SAMEVATTING 

Daar is n apparaat ontwikkel wat outomaties die afstand van die monster tot by die detektor stel 
volgcns die radioaktiwiteit van die monster. Die afstandsteleenheid werk saam met n outomatiese 
monsterwisseiaar en is onderling met ander onderdele verbind sodat die telkop outomaties na die optimale 
afstand vir die ontleding van n bepaalde monster beweeg. 

Die afstand wat deur syfers in inkremente van 0,01 mm aangedui word, kan tussen 18 en 995 mm gestel 
word met teltempo's wat vooraf op tussen 1000 en 10 000 tellings per sekoi.de gestel kan word. 

Toe die instrument getoets is, net d:t goed binne die verlangde bestek en akkuraatheid gewcrk Onder 
roetineomstandighede was die spektrums akkurater as vnarheen, veral met die tel van monsters met 
verskillende radioaktiwiteit. 
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1. INTRODUCTION 
Investigators engaged in instrumental neutron-activation analysis (INAA) often analyse samples in 

batches. The radioactivity of the individual samples can vary by several orders of magnitude, whereas the 
apparatus used for analysis can handle only a certain maximum count rate. Ideally, each sample should be 
counted at the rate at which the system performs best. For the best possible counting statistics, a sample with 
low radioactivity should be analysed at a short distance from the detector, whereas, for a sample with high 
radioactivity, the distance should be greater. This avoids the development of spectral distortion or. even 
worse, saturation of the system. 

With an automatic sample changer', the samples are normally counted at a fixed distance from the 
detector, which is set manually, and are determined according to the maximum radioactivity of the batch of 
samples to be analysed. The samples with low radioactivity are therefore counted too far away from the 
detector, and poor counting statistics result. 

For these reasons, it was decided that an instrument should be developed that would automatically set 
the distance from the sample to the detector according to the radioactivity of the samp'»* 

2. PRINCIPLE OF OPERATION OF THE SYSTEM 
In the instrument that was developed, the automatic distance-setting unit works in conjunction with an 

automatic sample chiriger'. A lithium-drifted germanium — GeLi — detector for gamma-ray spectroscopy 
(Figure I) detects the sample, and the d.c. output from a logarithmic ratemeter connected to the main 
pulse-shaping amplifier is fed into a distance controller, which compares this d.c. output with a preset level. 
The output of the comparator determines the direction of movement ot the counting head, and a ramp 
generator controls its speed of movement. The output of the distance control is fed into a driver that drives 
the stepper motor, which is coupled to a threaded rod. and the counting head moves towards or away from 
the detector until the preset I :vel and the measured radioactivity are in balance. The distance controller 
then measures the distance (in millimetres) from the sample to the detector hy feeding the pulses from the 
stepper motor to an up-and-down counter. 

3. THE COUNTING HEAD 
The counting head is mounted on a trolley that moves along two guide rods, which are each I m in 

length (Figure I of Plate I). Linear bearings are used to ensure steady, smooth movements. The trolley is 
propelled by a threaded r"d. which is mounted in angular contact bearings and has a pitch of 2 mm. The 
threaded rod is rotated by a stepper motor that steps in increments of 1.8° (Figure 2). each step being 
translated into 0.01 mm of movement of the trolley. A special anti-backlash nut is used, which consists of 
two nuts, one of which is mounted on the trolley while the second is spring-loaded to the mounted nut. This 
method can be adopted since the trolley moves very easily. Inside the trolley there are oil-impregnated pads 
to oil and clean the threaded rod as the trolley moves. Microswitches mour.ied at the front and rear of the 
trolley act as limiting switches. When the front switch, which is also used for distance calibration, is 
activated, the distance indicator is loaded with the predetermined distance from the centre of the counting 
tube to the face of the detector. This calibiution method has the advantage that an automatic adjustment is 
made for any wear that may develop in the anti-backlash nut. 

4. THE CONTROL UNIT 
4.1. The Analogue Section 

The GeLi detector (Figure 3) measures the radioactivity of the sample by detecting its gamma-ray 
emission. A preamplifier amplifies the output of the detector, which is then processed by the pulse-shaping 
main amplifier. The output pulses are fed into a logarithmic ratemeter producing a logarithmic d.c. level of 0 
to 100 mV, which is proportional to the pulse rate of the input. This signal is presented to the input amplifier 
of the control module, which has a gain of 10. The output of this amplifier feeds an analogue discriminator 
on which is set the range of activity to be counted. The output of the discriminator is positive when the 
activity is below the set rar.ee. negative when the activity is higher, and zero when the measured activity and 
the set range are equal. The discriminator has a gain of 120. When its output has reached a value of 3 V 
(positive or negative) or higher, '.he level is clamped by the clipping circuit to 3 V; when the level falls below 
3 V. the measured activity is within b per cent of the set range. The output of the clipping circuit is fed via the 
direction control in the analogue section into a ramp generator. The level of the ramp is determined by the 
output of the clipping circuit. The ramp generator rens down proportionally until the output is 0. A time 
constant of 4 seconds is applied to give smooth control. The output of the ramp generator feeds a 
voltage-controlled oscillator that provides a pulse output proportional to the level of the output of the ramp 
generator. The pulse output is stretched to 30 /its, and is fed via the direction control in the digital section to 
the line and stepper drivers that power the stepper motor. 

I 
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AUTOMATIC DISTANCE-SETTING UNIT 

4.2. Digital Control 
The analogue direction control translates the positive or negative output of the clipping circuit into 

forward or reverse movements of the counting head via the digital drection control, which changes the 
direction of movement of the counting head on negative transition of the clock pulse. The output -?f the 
digital direction control feeds the line drivers and the up-and-down counter, which then provides the data 
for the display driver and printout control. The display consists of 5 light-emitting diode (LED) digits. 

4.3. Printout 
A parallel binary-coded decimal (BCD) serial print link is provided that confc.ms to the printout 

standard used in commercially available nuclear scalers. This unit can therefore be readily used in 
conjunction with commercial printout devices. 

4.4. Complete Sense Detector 
The complete sense detector consists of a timer of 1.8s. which is reset by every stepper pulse supplied 

to the stepper motor. If no stepper pulses arc supplied for 1.8 s. the timer completes its eye!»', latches, and 
inhibits further stepper pulses via the digital direction control. A command is then given to the pulse-height 
analyser to start the analysis. When a new sample arrives at the counting station, the timing circuit is 
triggered again, and the process is repeated. 

4.5. Limit Detection 
Limit detection is provided by sensing switches mounted in the trolley of the counting head. When the 

switch for the upper limit is triggered, the trolley has reached the end of its guide rods, and further clockwise 
pulses do not reach the stepper motor. When the switch for the lower limit is triggered, the 
counter-clockwise pulses are disabled, and the decade counter is loaded with the minimum distance 
between the centre of 'he sample and the face of the detector. This also facilitates recalibration of the system 
after a power failure. 

4.6. Manual Control 
Manual control is obtained by a central spring-loaded bidirectional switch. When the switch is moved 

to the left or the right, the counting head moves forwards or backwards, respectively. One pulse supplied to 
the stepper motor results in a displacement of 0.01 mm. This was thought to be inconvenient because the 
increments are too small, and. for this reason, a tenth pulse senser was incorporated that allows 10 pulses to 
be supplied to the stopper motor, causing a displacement of 0,1 mm. If the manual control is held, the 
stepper motor is disabled for 100 ms, after which the stepper motor increases its speet' to the full stepping 
speed provided by the ramp generator and oscillator. The disabling of the motor for 100 ms is incorporated < 
so that the user can move the counting head continuously or in increments of 0.1 mm by using the same 
controlling switch. 

5. DISCUSSION 
The instrument was designed to have a set range of between 1000 and 10 000 counts per second 

(analysed counts). Higher count rates were considered to be unpractical, since excessive pile-up and dead 
time would be experienced. The average time constant of the logarithmic ratemeter within this count rate is 
350ms. An additional time constant equal to the time constant of the ratemeter was introduced at the 
discriminator to prevent hunting by the counting head. When the measured count rate differs by more than ! 
6 per cent from the set level, the output of the discriminator is clamped to 3 V by the clipping circuit, which 
enables the setting to take place in the shortest possible time. The counting head is controlled at a maximum 
speed of 12 mn./s and a minimum speed of 2,5 mm/s. The time constant of the complete sense detector is 
determined by the time constant of the ratemeter and discriminator and by the minimum pulse rate of the 
oscillator, which totals 800ms. An extra setting time of 1 s is allowed to give good statistics in the 
measurement of the count rates. The mechanical accuracy of the distance setting was found to be acceptable 
since no error could be measured with the equipment available. The maximum distance that can be set I 
between the sample and the detector is 950 mm, and the minimum distance is 18.1 mm. The distance is 
indicated by 5 digits in solid-state display, in increments of 0,01 mm. 

The apparatus is built in a double-width nuclear instrument module, which is shown in Figure 2 of Plate 
I. A commercially available ratemeter was used. 
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6. DISTANCE CALIBRATION 
The detector used with the automatic distance-setting unit must be calibrated with regard to changes in 

the distance of the sample from the detector. Several authors, among them Notea-' and Watterson el al.\ 
used the modified inverse-square law to accomplish this normalization. Where measurements are 
compared with the peak area of a standard sample counted at a distance of 10 cm from the detector. 

At 10) = Air) r — ) • 

where 
A is the peak area in the spectrum corrected for dead-time effects, 
r is the distance from the detector face to the sample, and 
\r is the distance from this face to the effective centre of the detector. 

7. TESTS ON THE INSTRUMENT 
The instrument was tested by the use of 5 sources of the following activities: 148. 340. 618.1184. and 

1890 kBq. The following count rates were chosen for these sources: 2500.5000. 7500, and 10 000count/s. 
Two tests were carried out at these 4 count rates. 

The first test was on the determination of the set distance when the counting head starts at the detector, 
and the second on the determination of the set distance when the counting head starts at its maximum 
distance from the detector. 

After the determination of each distance setting, the distance was recorded and plotted (Figure 4). The 
lines on the left of each graph show the setting determined w hen the counting head started at the detector; 
those on the right when the counting head started from the maximum distance. The area between the two 
lines for each count rate indicates the deadband' of the apparatus, i.e.. the band where the instrument 
detects a completion of the setting. It can be seen that this deadband is at its smallest when the counting head 
is near the detector and that it increases with distance from the detector. The increase in the deadband can 
be explained by the fact that the count rate decreases in proportion to the square of the distance from the 
source, and that the sensitivity of detection therefore decreases as the distance increases. This deadband 
had a negligible effect on the count rate as measured by the ratemeter. 

8. CONCLUSION 
The instrument developed — the Automatic Distance Setting Unit model 7927 (see the Appendix) — 

automatically sets the distance between the sample and the detector according to the radioactivity of the 
sample. The instrument performs well within the desired range and accuracy, and the reproducibility of the 
setting was found to be within the acceptable limit. The average time required for the setting of a sample is 
approximately 10s. The spectra obtained under routine conditions are much more accurate than before, 
especially for samples of different radioactivity. 
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PLATE I 

PHOTOGRAPHS OF THE AUTOMATIC DISTANCE-SETTING UNIT 

Figure 1. The counting station. From left to right can be seen the stepper motor, the movable lead shield, 
the counting head, and the lithium-drifted germanium detector. 

Figure 2. Various electronic modules, in which the second module from the right shows the control for the 
distance-setting unit, and the fifth module from the right is the ratemeter. 
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APPENDIX 

THE AUTOMATIC DISTANCE SETTING UNIT MODEL 7927 

1. INSTALLATION 
The Automatic Distance Setting Unit (A.D.S.U.) model 7927 operates on input power furnished from 

a nuclear standard bin and power supply. The power supply should have the following outputs: ± 6 V and ± 
I2V. 

1.1. Interconnection of the Module 
The module 7927 (see Figure 1 of the report) must be connected to a logarithmic ratemeter with a d.c. 

output of 0 to 100 mV. The ratemeter is connected, in turn, to the unipolar output of the main pulse-shaping 
amplifier used in the counting system, the control output of the 7927 module to the sample changer (module 
7449B), and the drive cable to the driver unit (module 7936) that drives the stepper motor. (Superior 
Electric M062-FCo9e.) 

1.2. Printing Output 
The printing output is used in conjunction with the Online Interface model 7908. If the system contains 

more than one unit requiring printout, the units are connected as shown in Figure I-l. 
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FIGURE 1-1. Interconnection of the modules 

The 'in' and out' connectors on the rear panel of each module are used for this interconnection 
betweci the loops. The order for printing is 1 through n in sequence, as shown in Figure I-l . 

2. SIGNAL CONNECTIONS 
2.1. Analogue Input 

The 7927 accepts a positive changing d.c. voltage in the range of 0 to lOOmV. 

2.2. Complete Output 
The corrplete output furnished upon the completion of distance setting can be connected to the store 

input of the digital clock model 7745 to store the time when counting of the sample started, or can be used to 
initiate another function. The pulse output is 5 V with a duration of 5 ms and an impedance of 390 ÍÍ. 

2.3. Control 
The control signals are listed in Tabic I-l. 

2.4. Driver Cable 
The signals to supply the forward and reverse pulses for the optically coupled line drivers are supplied 

via a 3m cable that has a 9-pin Amphonel plug. The signals are listed in Table 1-2. 
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TABLE 1-1 

Control signals 

Pin Description 
Voltage 

level I/O 

1 
2 

Sample present 
Forward stop 

+ 24V 
+ 5VTTL 

Relay I 
I 

5 Common sample present 
and complete command 

6 
relay 

Reverse stop + 5VTTL I 
7 
9 

Supply 
Complete command 

+ 5V 
Max. 10 mA 

O 
O 

I/O = Input-output 
TTL = Transistor-transistor logic 

TABLE 1-2 

Driver signals 

Pin Description 

6 
7 
8 
9 

Ground 
Line driver output — counter-clockwise (C.C.W.) 
Supply output via load resistors for optical isolator 
Line driver output — clockwise (C.W.) 
Supply output via load resistor for optical isolator 

2.5. System Connectors for ln-out Signals 
The signals listed in Table 1-3 are included in the two 14-pin rear connectors of the 7927 and in the 

connectors of each of the other units designed for use in the printing-loop system. All but one of these 
signals are common to both connectors. The difference is in the signal on pin 7. On the 'in' connector the 
signal is 'previous module finished'; on the 'out' connector the signal is 'this module finished". The pins that 
are not used in this module are wired from 'in' to 'out' and can therefore be used in other modules. 

3. CONTROLS AND INDICATORS 
The controls and indicators on the front panel include the following (see Figure 2 of Plate I of the 

report). 
(1) Digital Display 

This consists of five 7-segment characters with logically selected blanking, which display the 
distance setting in millimetres at all times except during printing, when each digit being printed is 
displayed individually. 

(2) Indicator with Error to the Left 
A light-emitting diode (LED) indicates radioactivity that is too high, as compared with the set 
range. 

(3) Indicator with Error to the Right 
An LED indicates radioactivity that is too low, as compared with the set range. 

(4) Setting-complete Indicator 
An LED indicates that the automatic distance setting has been completed, and a command to the 
multichannel analyser is supplied to command analysis. Alternatively, when the unit is in manual 
mode, a sample is present at the counting station, and a command is given to the multichannel 
analyser to commence analysis. 

10 
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TABLE 1-3 

System connectors for in-out signals 

In connector Out connector 

Pin Description Pin Description 

1 Data 1 1 Data 1 
2 Data 2 2 Data 2 
3 Data 4 3 Data 4 
4 Data 8 4 Data 8 
5 Print 5 Print 
6 Print advance 6 Print advance 
7 Previous module finished 7 This module finished 
8 Spare 8 Spare 
9 Spare 9 Spare 

10 Spare 10 Spare 
11 Ground 11 Ground 
12 Spare 12 Spare 
13 Spare 13 Spare 
14 Spare 14 Spare 

(5) Auto-man. Toggle Switch 
A two-position toggle switch controls the automatic or manual mode of operation. When set to 
automatic, the unit will carry out its distance setting and repeat the distance-setting task upon the 
arrival of a new sample. 

(6) Movement of the Counting Head 
When the auto-man. toggle switch is in the manual position, the counting head can be moved away 
from the detector by being levered to the left, and towards the detector by being levered to the 
right. When the button is momentarily activated, the counting head will move in 0,1 mm 
increments. 

(7) Range 
A 10-turn potentiometer adjusts the level at which distance setting takes place. 

4. OPERATING INSTRUCTIONS 
Place the device in manual mode. 
Load an active sample into the counting head. 
Determine the count rate at which the sample needs to be counted. (This should be between 1000 
and 10 000count/s.) 
Move the counting head manually until the ratemeter indicates the required count rate. 
Switch off the stepper-motor device, module 7936. 
Place the A.D.S.U. 7927 in automatic mode. 
Adjust the range potentiometer until both left and right indicators are not indicating. 
Switch on the stepper-motor driver, module 7936. 
The instrument is now ready for operation. 

5. INTERNAL ADJUSTMENTS 
Adjustments are normally made during manufacture, and the modules require readjustment only after 

the replacement of components. The following are instructions for the making of these readjustments. (The 
circuit diagrams are given in Figures 1-2 to 1-8.) 

(1) Direct-current Offset 
Short-circuit the analogue input, and adjust the 10 kil potentiometer until an output of 0 (± 5 m\^) 
is obtained on pin 6 of D4 (see Figure 1-2). ' 

(2) Lowest Speed 
a. Place the instrument in manual mode. 

II 
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b. Connect a frequency counter to pin 5 of C4 (see Figure 1-3). 
c. Adjust the 5 kl! potentiometer for the lowest speed to 275 cycles. 

(J) Upper Speed 
a. Lever the button with the left sign to one position, and adjust the upper speed to approximately 

1300 cycles. 
b. Switch on the instrument and check to see that it is operating properly. If too much hunting is 

taking place, lower the upper speed by increments of 100 cycles until satisfactory operation is 
obtained. 

c. If the movement of the counting head is sluggish, reduce the damping by adjusting the damping 
control on D3 (see Figure 1-2). (This control is normally set at maximum resistance.) 

12 
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FIGURE I-7. Circuit diagram of the control-cable system 
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